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CONSULTING GEOTECHNICAL ENGINEERS 

Gt'eatFalls Billings Montana — Boise Pocatello ldaho — Gillette Wyonting 

LOG OF EXPLORATION BORING 

HOLE NO. 	©H-51  
JoB No.  81-1404 	 SHEEr 	1 	OF ? 

' 

I 

~ 

~ 

DRILL TYPE: SOIL 	Moblie CLtENT 
RocK 	•Mobile B-53 Beker Industries 

SIZE, TYPE OF e1T 	8 inch hollowstem augers; PROJECT 
Nwb3 Diamond bit Tailin s Pond #4 

CASING: SIZE 	N/A 	LENGTH 	N/A  LCCATION 
N 94+77; E 0+09 TOTAL N0. OF OVERBURDEN 	SAMPLES 	TAKEN 

Distnrbed 	4 	Undisturbed 	2 ELEVATION: TOP OF NOLE 	GROUNDWATER 
6157.6 	 6151.6 TOTAL N0. TOTAL CORE RECOVERY 

CORE BOXES 	1 FOR BORING 	74 THICKNESS OF OVER'DEPTH DRILLED IN-  TOTAL DEPTH OF 
BURDEN, FT. 	16.0 	ITOROCK,FT 	11.5 	HOLE,FT 	27.5 REMARKS 

See sheet 2 for piezometer installation. STARTED 	- 0-81 	COMPLETED 	g- U=8 ~ 

DRlLLED 8Y 	C. Pelietier ~ 

LOGGED SY 	
S. Sharma 

CLASS 1 F I CAT I ON OF MATER I ALS 
p~~C 	~,~ 

o Fe  RECOV E 
~ DEPTH, FEET BLOWS/FOOT Sam ERy 

0.8 — 
TOPSOIL; organic material 

SAND, Clayey; loose to medium 
dense, moist to wet, moderately 

: plastic, fine-grained sand, roots SST 2.5 - 4.5 qu= 1.7 tsf 
~~ to 15 feet, grey (SC) 

SSS 4.5 - 6.0 4-4-5/9 
5 

7.0 
SILT, Clayey; stiff to hard, sat- LST 7.5 - 9.5 qU= 2.2 tsf 

— urated, plastic, thinly inter- 
— bedded sand lenses, mottled grey- 
— brown (ML) 

SS5 9.5 - 11.0 3-5-6/11 
1 

LSS 12.5 - 14.0 6-9-12/21 

- 

1 

SSS 14.0 - 15.5 3-6-39/45 

16. T34 
*+ - BASALT; moderate to slightly 

-  {4  - weathered, moderately hard, 10-20 %  
SSS 17.5 - 17.8 50 /R 4. 4 vesicles, very close jointed, 

~+'~ grey-black ~ 

++ 
2  ++ 

++  (Cont'd on Sheet 2) 

FH0028895 



• 	 l.OG OF EXPLORATiON BOR1iVG 

JOB NO. 	 HOLE NO.  DH-S1 	 SHEET 	2 	OF ? 

~ 
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,. 

•~ 	. 

~ 

: 

Z04~~~G~a LASS!FICAT ION OF MATERIALS 
YQ

e p f 
a 

y 
RCOV~ 
ERY 

R Q D bEPTH,FEET BLOWSIFOOT 20 t{  

—4 BASALT; moderate to slightly Nw 84 48% 17.5 - 22.2 
—i.t weathered, moderately hard, ore 
— •►  10-209b vesicles, very close 
— f jointed, grey-black 

{ Nw 64 20% 22.5 '- 27.5 
— ♦ ore 
— t 
—+ 

25 — -t - 

— ~ 

—+ 
—  } 

27. 
Bottam of Hole 

Piezometer Installation : 

_ Perforations between 10.5 - 15.5 
Gravel backfill 	10.5 - 15.5 

_ Bentonzte seals: 	15.5 - 16.5 
and 	8.5 - 10.5 

— 

; 

~ 

NTL t22A 

FH0028896 



, ~ ... 

  hcrm 
Tezti 

~ 	 Laboratories 

8 
cauunMC rncnwes 

CONSULTING GEOTECHNICAL ENGINEERS 

GreatFalls Billfngs Montana — Boise Pocatello Idaho — Gillette Wyornfng 

LQG OF EXPLORATION BORING 

HOLE No. 	DH-S3  
JOB N0. 	81-1404 	 SHEET _ 1 	OF 1 

I 

DRILL TYPE: SOIL 	0 1 e 9-53 CLIENT 
RaCK 	Mobile B-53  Beker Industries  

SIZE, TYPE OF BIT 	Used 8" Hollowstem augers; PROJECT 
NwD3 Diamond bit Tailin s Pond #4 

CASING: SIZE 	N/A 	LENGTH 	N/A LCCATION 
N 76+73 ; E 0+10 TOTAL Na OF OVERBUROEN 	SAMPLES 	TAKEN 

Disturbed 	j 	 Undlsturbed 	1 ELEVATION: TOP OF HOLE 	GROUNDWATER 
6153.0 	 none TOTAL 	N0. TOTAL CORE RECOVERY 

CORE BOXES 	2 FOR 80RING 	 4$ THICKNESS OF OVER-  
BURDEN,FT 	7,O 

DEPTH DRILLED [N- I TOROCK,FT 	11.0 
TOTAL DEPTH OF 
HOLE,FT. 	1$.0 REMARKS 

Hole.was initially completed on_9-9-81, bUt STARTED 	-9-$ 	COMPLETED 	9- 0-$ 
was repeated on 9-10-81 in order to obtain DRILLED BY 	C. Pelletier 	- 
rock cores LOGGED BY 

S. Sharma 

~Vu LASSIF1CATION OF-MATERIALS e  SaPf I~~YE  R,p,p, DEPTH,FEET BLOWS/FOOT 

TOPSOIL, Organic Material 
D.s- 

-'= SAND, Silty; loose, moist, non- 
- plastic, calcareous, fine grained 

sand, grey-white (SM) LST 2.5 - 4.5 qu= 0.2 tsf 

5 -  SSS 4.5 - 6.0 4-3-1/4 
:i 

7. : ~' 
—~ BASALT; slightly weathered, medium' LSS 7.5 - 7.7 100/R 
- .~ hard, 15-20% vesicles, clayey ~ 

- f  silt in vesicles to 13.0 feet, Nw  
-~. grey-black cor 96 78% 8.5 - 13.0 

1 0. 
 - + 

t+ 
- + 
- + 
- + 

+ 
++ Nw 

- t  cor 100 100% 13.0 - 16.5 

- + . 
1 	- ++ 

+ 
- 
- ++4 

t 
less than 5% vesicles below 16.0 

- +4 4  feet 	 ' Nw 
"+ cor 100 100% 16.5 - 18.0 

18. }+ 
Battom of Hole 
Piezometer Instaliation: 
er orations between 372 - 8.2 

Gravel backfill 	3.0 - 8.2 
Bentonite seal 	1.0 - 3.0 

FH0028897 



CONSULTING GEOTECHNICAL ENGINEERS 

GreatFalls Billings Montana — Boise Pocatello Idaho — Gillette Wyoming 

LAG OF EXPLORATION BORING 

HoLE No.  DH-S4  
JoB No.  81-1 404 
	

SHEET 	1 	OF  3 
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DRILL TYPE: SOIL 	RoFTre-8—SU CLIENT 
ROCK 	N/A  Beker Industries 

SIZE, TYPE OF BIT 	8" Hollowstem augers PROJECT 
2-15 16" Tricone rockbit  Tailin s Pond #4  

CASING: SIZE 	N/A 	 LENGTH 	N/A LCCATION 

N 76+65 ; E 11+62 TOTAL N0. OF OVERBURDEN 	SAMpLES TAKEN 
Disturbed 	21 	Undisturbed1 ELEVATION: TOP OF HOLE 	GROUNDWATER 

6166.0 	6143.4 TOTAL 	NO. TOTAL CORE EtECOVERY 
CORE BOXES 	0 FOR BORING {%? 	N/A THICKNESS OF OVER-  

BURDEN, Fl: 	60.5 
DEPTH DRILLED IN-  I TOROCK,FT 	N/A 

TOTAL DEPTH OF 
HOLE,FT 	60,5 REMARKS 

Rockbit used from 39:0'- 42.0 STARTED 	8-29-8 	COMPLETEO 	9-9- 
DRILLED BY 	C. Pelletier 	- ~ 

LOGGED BY 	
S. Sharma 

Q~~
7%-~ 	

0  CLASSIFlCATlON OF MATERIALS 
0~ F 

ofe  RECOVE DEPTH,FEET BLOWSfFOOT Sam ERY 

— SILT, Clayey; firm to hard, slight- 
— ly moist, slightly plastic, 

brown (ML) 

LST 2.5 - 4.5 qu= 3.7 tsf 

— SS5 4.5 - 6.0 3-3-6/9 

6. 
_. 
—~ GRAVEL; Silty; medium dense to 

: very dense, slightly moist, weakly LSS 7.5 - 9.0 9-25-43/68 
to strongly cemented, minus 4 inc 

_ rock fragments, thinly interbedde 
— op r  sand lenses, tan (colluvium) 	(GM) SSS 9.0 - 10.5 23-29-25/54 

- 
•°, 
,O 

—~  . LSS 12.5 - 14.0 5-7-12/19 
-- fl 

- ; SSS 14.0 - 15.5 13-17-15/32 
— : • 

1 ~ 
.~ 

— 

-,r 
oo  

— 1 
-- p 

LST 17 . 5- 	17.7 
— , no sample 

LSS 17.7 - 19.2 16-14-22/36 
— r 

2 	T  
d~ (Cont'd on Sheet 2) 

FH0028898 
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.~ 	 LOG OF EXpl.ORATION BORING 
~ . 	J08 NO.  87=1404_. . 	 HOLE NO.  DH-54 

	
sHEET 	2 	OF 3 

CLASS I F iCAT I ON OF MATER IALS 
e 

X~f 
!b CORE 
R EC~ov- R OO pE~ FEET BLOws/FOOT 

^ , SSS 19.2 - 20.7 12-9-6/15 

22. 
LSS 22.5 - 24.0 11-14-25/39 

SAND, Si 1 ty; medi um dense to very 
dense, saturated, slightly plastic 
fines, scattered minus 3 inch 55S 24.0 - 25.5 11-14-11/25 
angular gravels, mottled tan to 

25^-' ::: brown (colluvium) - (SM)  
— •~ : .•: 

— LSS 27.5 - 29.0 16-24-25/49 

— SSS : 29.0 - 30.5 11-19-26/45 

— ;•t' 

— •:~.: 

.;; LSS 32.5 - 34.0 25-37-26/63 

— S55 34.0 - 35.5 21-22-24/46 

35-- 

.'. ~ 

SSS 37.5 - 39.0 11-24-34/58 

Nw --- -- 39.0 - 42.0 
-` Boulder from 39.0 - 42.0 ore cored thru 

40____ bou 1 der 

LSS 42.5 - 44.0 11-40-45/85 

45 

r ' (Cont'd an Sheet 3) 
NTL 122 A 
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LOG OF E3CPLORATION BORING 

.fOB NO.  RI -14114 	 HOLE NO. 	DH-S4 , 	 S1•IEET  3 	aF 3 

CLASSIFICATlON OF MATER'IALS 
- 

ZV
e 

SamD 

Y. 
•RECOV 
ERY 

ROO DEPTtt.FEET sLOwS/FOOT 

SAND, Silty; medium dense to very 
— dense, saturated, slightly plastic 
— fines, scattered minus 3 inch 
— angular gravels, mottled tan to 

1 ~- :; brown {colluvium) (SM) LSS 47.5 - 49.0 16-13-17/30 

- ~ : SAND, Silty; medium dense to very 
— dense, non-plastic, fine grained 
—=°.• sand, thinly interbedded gravelly SSS 49.0 - 50.5 7-21-24/45 

50— ':.`' lense, reworked sandstones of. the- 
—•`''' Salt Lake Formation (SM) 

LSS 52.5 - 54.0 6-11-20/31 

SSS 54.0 - 55.5 1-14-34/48 

55 ----- _' 
::t = 

LSS 57.5 - 59.0 10-16-16/32 

SSS 59.0 - 60.5 1-9-11/20 
60. 

Bottom of Hol e 

Piezometer Installation : 

— Perforations between 46.0 - 56.0 
— Gravel backfill 	44.0 -•56.0 
— Bentonite seal 	42.0 - 44.0 

, 

NTL 122 A 

FH0028900 
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ing CONSULTiNG GEOTECHNICAL ENGINEERS 

	

oratori¢s 	Great Falis Bfllings Monr,ana — Boise Pocatello ldaho -- Gillette LVyoming 

~ 	L.OG OF EXPLORATION BORING 
HOLE N0.  DH-S5  

	

xit 
	 JOB N0. 	$1 - 1404 	 SHEET 	1 	OF  2  

DRILL TYPE: SOIL 	{HO 1 e 8- 53 CLIENT 
ROCK Beker Industries 

SIZE, TYPE OF B{T 	8" hoi l owstem augers PROJECT 
Tailin s Pond 04 

CASING:  SIZE 	N/A 	LENGTH 	N/A LCCATION 
N 70+33• E 4+70 TOTAL N0. OF OVERBURDEN 	SAMPLES 	TAKEN 

Disturbed 	9 	Undis_turbed 	1 ELEVATION: TOP OF HOLE 	GROUNDWATER 
6152.7 	 6146.7 TOTAL 	NO. TOTAL CORE RECOVERY 

CORE  BOXES 	O  FOR BORING (%} 	N/A THiCKNESS OF OVER-  DEPTH DRILLED IN- TOTAL DEPTH OF 
BURDEN, FT. 	+25.0 TO ROCK,FT. 	N/A 	IHOLE,FT 	25.( REMARKS 
STARTED 	- 	- 	COMPLETEO 	- 	-$ 

Piezometer not installed . ORlLLED BY 	C. Peiletier 
LOGGED BY 	

S. 	 ma 

CLASSIFICATfON OF iNATERIALS 
ype 

S°am 
CORE 

~ER V-  R00. DEPTH, FEET BLOWS/FOOT 

TOPSOIL; Organic material 
1. 

,;.... , SAND 	Silty; loose to medium ~ dense, . 
wet to saturated, non-plastic, 

,. fine to medium grained, reworked LST 2.5 - 4.5 qu= 2 tsf 
TUFA, tan (SM) Disturbed 

;,. 
SSS 4.5 - 6.0 3-2-3/5 

7. 
— SILT, Clayey; very stiff, satura- LSS 7.5 - 9.0 5-10-11/21' 
- ted, slightly plastic, brown 

(ML)  - 5SS 9.0 - 10.5 3-2-3/5 

9.8-  

SAND, Silty: loose to medium 
dense, saturated, non-plastic, 
calcareous, interbedded seams 
of TRAVERTINE, tan (SM) 

LSS 12.5 - 14.0 7-70-19/29 ~,'• 

-;.. 
SSS 14.0 - 	15.5. 13-9-11/20 

i  5--  

~ LSS 17.5 - 	18.2 18-6/24 

' SSS 18.2 - 19.7 5-6-3/9 
:; z' 

19.6- 

(Cont'd on Sheet 2) 
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LOG OF EXPLORATION BORING 

 JOB NO.  81-1404 	 HOLE MO. DH-S5 	 SHEET  2 	OF z 

I 

~ a~~~. ~~G~ 	CLASSIFICATION OF MATERIALS e  ~~ 
a 

RECOV-  
ERY 

R O D DEPTFf, FEET SLOWS/FOOT 

2 
SILT, Clayey; very stiff to hard, 
wet to saturated, moderately 
plastic, scattered angular basalt 

— gravels, mottled brown (ML) 
— LS2 22.5 - 23.5 qu= 2 tsf 

— SSS 23.5 - 25.0 8-15-18/33 

— Bottom of Ho1e 

T 

~ 

IVTL 122A 

FH0028902 
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CONSULTtNG GEOTECHNICAL ENGINEERS 

GreatFalls l3illings Montana — $oise Pocatello IJalio — Gillette Wyaming 

LOG OF EXPLORATION BORING 
HOLE No. 	DH-S6  

JOB N0, 	81-1404 	 SHEET 	1 	OF  1  
DRILL TYPE: SOIL 	MO 1 le 0-53 CLIENT 

ROCK 	Mobile  B-53• Beker Industries 
SiZE, TYPE OF BIT 2-15116" Tricone rockbit PROJECT 

NWQ3 Diamond bit Tailin s Pand #4 
CASING: SIZE 	Nyy 	LENGTH 	6.0 feet LCCATION 

N 103+22; W 15+20 TOTAL NO. OF OVERBURDEN 	SAMPLES 	TAKEN 
Disturbed 	1 	Undisturbed 	1 ELEVATtON: TOP OF HOLE 	GROUNDWATER 

6158.0 	 6149.1 TOTAL 	NO. TOTAL CORE RECOVERY 
CORE BOXES 	1 FOR BORING {%1 	100 THICKNESS OF OVER-  

BUROEN, FT. 	5.8 
DEPTH DRILLED IN-  
TO ROCK,FT. 9.8 

TOTAL DEPTH OF 1 HOLE,F-E 	15.6 REMARKS 
STARTED 	 1COMPLETED 	 - 

~ ORILLED BY 	 C. Pel ietier 	~ 

LOGGED BY 

O 
~~c,~~ 	CLASS I F I CAT I ON OF MATER E ALS 

Same  R~y E ~n OEPTH, FEET HLOWS/ FOOT 
0 
— TOPSOIL; Organic materiai 

1.5 

— SILT, Sandy; very stiff to hard, 

— 
wet, non-plastic, weakly cement- 
ed, fine- rained, tan to light SST 3.0 - 4.9 qu 3 tsf 

— brown lML~ 
SSS 4.9 - 5.8 31-50 /R 

7. 4 
5.8 

— 
—++ 
— 

LZ 
BASALT; slight to very slightly 
areathered, moderately hard, 20- 
30% vesicles, close to very 
clase jointed, grey-black 

Nw 
cor 100 90% 5.8 - 10.7 — }4  

++

+{ -t  

+4  

— +f•F 
— +{ 

0 — +•4  
+f 

— ++ Nw 
— +44 cor 100 100% 10.7 - 15.6 
— ++ 
—

+4 
++-F 

_++4  100% water recirculation loss 
_ ++ below 14.0 feet.. 
+;{ 

— 
 Joint with oxidation stains at 

444 14.5 - 14.9 
5.6 — +f 

Bottam of Hole — 

— Piezameter Installation: 
- er arations Setween 7.6 - 15.6 

Sand backfill 	5.0 - 15.6 
— Bentonite seal 	2.0 - 	5.0 

, 

, 

~ 

4 

FH0028803 
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UNthern 
~t'«uy~~~t 	 CONSULTING GE07ECHNICAL EHGtNEERS 

GreatFalls Billings Mantana — Boise Pocatello Idaho — Gillette Wyoming 

~ 	LOG OF EXPLORATION BORING 
HOLE NO.  DH-S8  

JOB N0.  81 -1404 	 SHEET  ___1_  OF 

DRILL TYPE: SOIL Mobi le 9-53 CLIENT 

ROCK Mobi e B-53 Beker Industries 
SIZE, TYPE OF 8117 2 -15/16" Tricone rockbit PROJECT 

d bit Taii•in s Pond #4 
CASiNG: SIZE 	Nty 	LENGTH 	17 .3 ft LCCATION 

N 95+08; W 20+93 TOTAL N0. OF OVERBURDEN 	SAMPLES 	TAKEN 
Disturbed 	4 	 2 ELEVATION: TOP OF HOLE 	GROUNDWATER 

6151.0 	 6151.0 TOTAL N0. 
CORE BOXES 	1 	

:tUndisturbed 

L CORE RECOVERY 
BORING (%) 	88 THICKNESS OF OVER -  

BURDEN,FT. 	17.3 
DEPTH DRILLED IN-  
TO ROCK,FT 	5.2 

TOTAL DEPTH OF I HOLE,Fl: 	22.5 REMARKS 

' See Sheet 2 for piezometer installation 
STARTED 	9-27-81 	ICOMPLETED 	9-27-81 
DRILLED BY 

detai 1 s"` LOGGED BY 	S. Sharma 

/' 
Q~
70'-4*r*R'e 

CLASS I F I CAT I ON OF MATER I ALS 
p~ F 

jo f e  RECOVE Rq•a DEPTH,FEET BLOWS/FOOT S ERY 

— TOPSOIL/PEAT; organic materials 

3•0 
r SST 3.0 - 5.0 

SAND, Si1ty; loose, saturated, 0 -isturbed 
non-plastic, calcareous, reworked 

5 ~ TUFA, fine grained, white-tan (SM) SSS 5.0 - 6_5 3-4-2/6 

— ~ SST 7.5 - 9.5 qu= 	0.7 tsf 
8.0 ` 

— SILT, Clayey; very soft to firm, 
— saturated, plastic, rock flour, 

0 grey to brown (ML-CL) SSS 9.5 - 11.0 1-1-1/2 

' SST 12.5 - 14.5 
qu- 	

0.2 tsf 

SSS 14.5 - 16.6 2-2-6/8 
5 

1.3 - Nw 
~ +fi  BASALT; s1i htl 	weathered, medium core 88 88%  17.3 - 22.5 

f~_ hard, cl ose jointed, 20-40% 
44 vesicles 

— 0  +  

++ .. (Cont'd on Sheet 2) 

FH0028904 
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~ 	 LOG OF EXPLORATION BORING 

JOB NO .  81-1404 	 HOLE IVO,  dH-S$ 	 SHEET  Z 	OF ? 

~►  

0•~?~~. ~~c,`~a 	CLASS I F I CAT I ON OF MATER I AlS ~~ e  
Samo. 

y  
RECOV 
ERY 

R o D oEPTH. FEET atowS/FOOT 

zu 

~ 100% water recirculation loss 
t  below 20.5 feet. 

+ 
22.5 4 

Bottom of Hole 

Piezometer Installation: 

Perforations between 15.5 - 22.5 
Sand backfill 	11.0 - 22.5 

~ 

Bentonite seal 	7.0 - 11.0 

. 

NT1.122 A 

FH0028905 
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CONSULTtNG GEOTECHNICAL ENGINEERS 

Grneat Fa!!s Billfngs Montana — Boise PocateUo Idaho — Gillette Wyoming 

LOG OF E7(PLORATION BORING 
HOLE NO. 	DH-S9  

JOB N0.  $1-1404 	 SHEET 	1 	OF 2 

a 

•, 

DRILL TYPE: SOIL 	Mobile - B-bJ CLt£NT 
RoCK  Mabile B-53 Beker Industries 

S1ZE, TYPE OF BIT - 	ricone rockbit PROJECT 
NwD3 Diamand bit Tailin s Pond #4 

CASING: SiZE 	N1N 	LENGTH 	24 .0 feet LCCATION 
N 77+00; 1d 19+$$ TOTAL N0. OF OVERBURDEN 	SAMPLES 	TAKEN 

Disturbed 	6 	1 undis_turbed 	3 ELEVATION: TOP OF HOLE 	GROUNDWATER 
6149.5 	 6141.4 TOTAL 	NO. TOTAL CORE RECOVERY 

CORE BOXES 	2 
I 
 FOR  BORING (%1 	96 THICKNESS OF OVER -  

BURDEN, FT. 	24,2 
DEPTH DRILLED IN-  
TO ROCK,FT 	13.$  

TOTAL DEPTH OF 
HOLE,FT 	3$.0 REMARKS 

See Sheet 2 for piezometer instal -l.ation STARTED 	9- 	ICOMPLETED 	9-27-81 
details ~ DRILLED BY 	C. Pelletier 	~ 

LOGGED BY 	
S. Sharma 

7P
CLASSIFICATIONN OF h1ATER l ALS At 

Sa~~ REE YV E  R,O,D•  DEPTH, FEET BLOWS/ FOOT ~ 

— TOPSOIL; organic materiai 

1.5 + 
SAND, Siity; loose to medium 
dense, wet, non-plastic, calcar- 

— eous, scattered travertine gravels SST 3.0 - 5.0 
' and cobbles, reworked TUFA, white- Disturbed 

— 'r  = tan (SM) 
5--- SSS 5.0 - 6.5 3-5-5/10 

— SST 7.5 - 9.5 
— Disturbed 

SSS 9.0 - 10.5 1-2-1/3 

10:3— s~~ -  

— SILT, C]ayey; soft to stiff, sat- 
urated, plastic, some oxidation 

— stains, grey-brown to brown (ML) 
SST 12.5 - 14.5 qu 0.3 tsf 

15 SSS 14.5 - 16.0 1-1-1/2 

SST 17.8 - 19.8 qu= 1.6 tsf 

20 
(Cont'd on Sheet 2) 

FH0028906 



LOG OF E3tPLORATtON 80RlNG 

JOB tVO.  81-1404 	 HOLE A10 . 
 DN-S9 	 St{EET  2 	OF ? 

~~yQ ~. ~~G~ 	Cl.A SS I F! CAT I ON OF ~AAi'ER ! ALS 
yp e 
b f 

°/e coRe 
R ROV- A Q O bEPTH, F££T BLOWS/FOOT 

20 

— SILT, Cia eY ~  soft to stiff, sat- Y  
SS5 19.8 - 21.3 1-2-2/4 

urated, plastic, some oxidation 
= stains, grey-brown to brown (ML) SST 22.5 - 23.6 qu= 1.7 tsf 

23.6— } 

_ +4 BASALT; slight to very slightly Ny1  98  81%  24.0 -- 29.0 
25  +4 weathered, moderately hard to - 

i .~ hard, close jointed, 20-40% vesi- 
+4 cies, severely weathered zone to 

— + 24.2, grey-black 
_ + 

+ 
_ + 
_ t 
— + Nw ,-90 75 %  29.0 - 33.0 
— + ore 

a
—  + 
_+ 
_+ 
_+ 
_+ 
- ~ 

-{ 
-+ 
- ~ 

5 —++ Nw 100 84% 33.0 - 38.0 
--++ ore 
— + _ — { { 

8.0 { 

Bottom of Hole — 

—  Piezometer Installation : 

Perforations between 31.0 - 38.0 
— Sand backfill 	28.0 - 38.0 

l 
I 

Bentonite seal 	24.0 - 28.0 

, 

' 
, 

NTL 122A 

FH0028907 
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CONSULTING GEOTECHNICAL ENGINEERS 

GreatFalls Billings Montana — Boise Pocatello Idaho — Gillette LVyoming 

LOG OF EXPLORATiON BORlNG 

HOLE NO. DH-S1O  
JOB NO. $1-1404 	 SHEET 	1  OF ? 

a 

~ 

ORILL TYPE: SOIL CME 75 CLIENT 

ROCK Beker Industries 
SiZE, TYPE OF BtT7 i nch ho11 owstem augers PROJECT 

Tailin s Pond #4 
CASING: SlZE 	N/A 	LENGTH 	--- LCCATION 

N 71+36 ; W 15+09 TOTAL N0. OF OVERBUROEN 	SAMPLES 	TAKEN 
Oisturbed 	5 	Undisturbed 	4 ELEVATION: TOP OF HOLE 	GROUNDWATER 

6149.9 	 6140.2 TOTAL 	N0. TOTAL CORE RECOVERY 
CORE BOXES 	0 FOR BORING (%) 	N/A THICKNESS OF OVER- 

BURDEN, FT. 	25.1  
OEPTH DRILLED iN-  
TO ROCK,FT. N/A 

TOTAL DEPTH OF 
1HOLE,FT 	25.1 REMARKS 

STARTED 	9-26-81 	I COMPLETED 	9-26-81 
, ORlLLED BY 	S. Nachado 

LOGGED BY 	
D. Osterman 

. 	o 
CLASS t F I CAT I ON OF- ~41ATER 1 ALS  

e 
o F E?EC~ov E R.G.D. DEPTH, FEET $LOYlS/ FOOT Samp ERY 

0.5 TOPSOIL; organic material SSS 0.0 - 1.5 3-4-4/8 

_ SILT, Sandy; firm, slightly moist, 
nan-plastic, grey (ML) 

2. 

SAND, Silty; medium dense, slight- 
SST 3.0 - 5.0 

ly moist, fine grained, scattered 
— gravels, reworked TUFA, tan (SM) 

5 SSS 5.0 - 6.5 2-2-22/24 

'•L ~ 

-- ••S 

SST 8.0 - 10.0 

9.0 —;~ 
SILT, Clayey; soft, saturated, 

0— moderately plastic, brown (ML) SSS 10.0 - 11.5 1-1-0/1 

- SST 13.0 - 15.0 
3.5 

- SAND, Silty; loose, saturated, 
5  ~..~ non-plastic, fine grained, rewark- - 

ed TUFA, tan (SM) SSS 15.0 	16.5 5-3-3/6 

w: s_ 

— ~ ' •' 

SST 18.0 - 20.0 

f•' 

:A  Q 

 {Cont'd on-Sheet 2} 
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	 LOG OF EXPLORATION BORIIdG 

aoB No.  81-1 QQ4 	 HOLE NO. OH-S10 	 SFiEET  2 	OF ? 

A0~4~ w 	CLASSIFICATION  OF MATER I ALS X?  e ~ECOV R Q o oEPT?1. FEET BLOws/FaOT ~ 
m ERY 

SILT, Clayey; stiff, saturated, SSS 20.0 - 21.5 3-5-7/12 
moderate plasticity, brown (ML-CL) 

23.0 SSS 23.0 - 23.1 50 /R 
+ + — No'sample T.-T 

+ BASALT 

25.a— ++ SSS 25.0 -_ 25.1 50 /R 
No sampie .T.-T 

Bottom of Hole 

—  Piezometer Installation : 

— Perforations between 15.0 - 25.0 
— Sand backfiil 	14.7 - 25.0 
— Bentonite seal 	10.0 - 14.7 

— Remaining hole backfilled with 
— natural 	soil. 

NTL t22A 

FH0028909 
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CONSULTING GEOTECHNICAL ENGtNEERS 

Great Falls BiUings Montana — Boise PorateUo Idaho -- Giltette Wyoming 

LOG OF EXPLORATION BORING 
HOLE No. DH-S11 

JOB N0.  81-1404 	 SHEET 	OF 
DR1LL TYPE: SOIL CLIENT 

RocK Beker Industries 
SIZE, TYPE OF B!T 	7" hollowstem augers PROJECT 

Tailin s Pond #4 
CASING: SIZE 	PI/A 	LENGTH 	--- LCCATION 

N 70+89; W 5+36 TOTAL NO. OF OVERBURDEN 	SAMPLES 	TAKEN 
Disturtred 	10 	1 Undisturbed 	 8 ELEVATlON; TOP OF HOLE 	GROUNDWATER 

6151.8 	 6142.8 TOTAL 	N0. TOTAL CORE RECOVERY 

CORE BOXES 	2 FOR 	BORiNG (%I 	99 THICKNESS OF OVER-  
t31lRDEN, FT. 	44 .0 

DEPTH DRILLED IN-  
TO R~OCK,FT. 	15.$ 

TOTAL DEPTH OF 
HOLE,FT. 	59.8 REMARKS 

STARTED 	- 	- 	COMPLETED 	- 	- 
` DRILLED BY 	S. Machado 	~ 

LOGGED 8Y 

~ , 	CLASS I F 1 CAT t ON OF MATER 1 ALS 
~Q4~

.  
~1G0 S~me  R<~~V E  R pp DEPTH, FEET BLOWS/ FOOT 

0.5 TOPSOIL; Organic Material SSS 0.0 - 1.5 4-4-4/8 

_ SILT, Sandy; firm, slightly moist, 
slightly pTastic, brown (ML) 

;~•~; 
SAND, Silty; loose, slightly moist, SST 3.0 - 5.0 
non-plastic, fine grained, reworke 

— -:: TUFA, tan (SM) 
— •:;;t 

5 -- -:' SSS 5.0 - 6.5 6-3-4/7 

6.0  
SILT, Ciayey; soft to firm, moist, 

— moderate plasticity, brawn (INL) 

8.0 - 10.0 

9.0 ` 

SAND, Silty; loose to medium dense, 
saturated, non-plastic, fine- SSS 10.0 - 11.5 7-8-2/10 

— medium grained, tan (SM) 

T, 

LST 13.0 - 14.5 

i5 
SSS 15.0 - 16.5 10-3-7/10 

_ =•' LST 18.0 - 20.0 
c:;< 

20~... i~ 

:`f (Cont'd on Sheet 2) 

FH0028910 
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LOG OF EXPLORATION BORIIdG 

JoB NO.  81-1404 
	

HOLE NO.  DH-S l l 	
SHEET 	2 	OF 3 

CLASS 1 F I CAT I QN OF IAATER I ALS 
y 
b~ e  

7s
REECOV- R O D DEPTH, FEET BLOWS/FOOT 

20 : SSS 20.0 - 21.5 2-2-6/8 
—'=_• SAND, Silty; loose to medium dense, 

saturated, non-plastic, fine- 
medium grained, tan (SM) 

LST 23.0 - 25.0 

24.0—  
5~ SILT, Clayey; ftrm to very stiff, 

saturated, moderate plasticity, S55 25.0 - 26.5 2-2=3/5 

dark oiive green to brown (ML) 

LST 28.0 - 30.0 

0 :  55S 30.0 - 31.5 6-8-10/18 

LST 33.0 - 35.0 

35 
SSS 35.0 - 36.5 2-2-3/5 

— LST 38.0 - 39.8 

SSS 39.8 - 40.9 16-33-50 /R 
40  

° SILT, Gravelly; soft, saturated, 
~ o ' basalt fragments in silt matrix, 

brown (NIL) 	 - 
0 
a 

0 

44. ° = 
BASALT; moderately weathered, soft, 

45  } scoriaceous, very ciose jointed, 
}+ clay filled joints, grey-black 

(Cont'd on Sheet 3) 
NTL t22A 
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LOG OF EXPLORATION BORING 

JOB No. 	81-1404 	 HOLE NO .  DH-S11 	
SHEET  3 	OF 3 

,~

~PN  
~4,Q~ LASSIFICATIONN OF MATER I ALS 

y 
p~ e  ~R ROV- R 0 D DEPTH, FEET BLOWS/FOOT 

— 
— 

+ 
+ BASALT; moderately weathered, soft, SSS 45.

~ 
0 - 45. 7 $0-50 /R 

++ scoriaceous, very close jo•inted, 
— ;+ clay filled joints, grey-black 

~ f+ 
._.. ++ 
— -F 

49.0 

— 50 { BASALT; fresh to very slightly 8w 98 96% 49.8 - 54.8 
=+ weathered, hard, plagioclase ore 

— + phenocrysts in aphanitic ground 
—~ mass, 20% minus 1/4 inch vesicles, 
— ~ moderately close jointed, grey- 
^ ,t  black 

—{ 100% water recirculation loss below 
' - + + 53.0 feet 

— tt Nw 100 96% 54.8 - 59.8 
55 --- + ore 

— -F 
, ♦ 
-- + - 
— + 
— + 
-- + 
— ~ 

— + 
59.8—  * 

• Bottom of Hole 

Piezometer Instailation: 

1. Perforations between 51.0 - 59.8 
Sand backfill 	51.0 - 59.8 
Bentonite seal 	48.0 - 51.0 

2. Perforations between 38.0 - 48.0 
— Sand backfiil 	5.0 - 48.0 

Bent onite seal 	3.0 - 	5.0 

NTL 122 A 

FH0028912 
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	 CONSUtTlNG GEOTECHNICAL ENGtNEERS 

tOt~ 	Great Falls Billings Montana — Boise PocateUo Idaho — Gillette Wyoming 

	

~ 	LOG OF EXPLORATION BORlNG 
HOLE No. PR' -1 

81-1404  ' 	JOB N0. 	 SHEET 	 OF ~ 

DRILL TYPE: SOIL 	Mobi e B-53 CLIENT 
ROCK Beker Industries 

SIZE, TYPE OF BIT 	3-7/$" Tricone rockbit ; PROJECT 
Tailin s Pond #4 

CASING: SIZE 	N/A 	LENGTH 	--- LCCATION 

N 96+67 • E 0+03 TOTAL N0. OF OVERBURDEN 	SAMPLES 	TAKEN 
Disturbed 	0 	 Undis_turbed 	0 

	

ELEVATION: TOP OF HOLE 	GROUNOWATER 

	

6157.3 	unknown TOTAL 	N0. TOTAL CORE RECOVERY 
CORE BOXES FOR 	BORING (%) THICKNES$ OF OVER-  

BURDEN, FT. 	30.0 
DEPTH DRILLED IN-  TOTAL OEPTH OF 
TO ROCK,FT. 	5.1 1 HOL5,F7i: 	35.1 REMARKS 

No samples, no piezometer STARTED 	9- 16-81 	COMPLETEO 	: 	9- 6=8 
DRILLEO BY 	C. Pelletier ~ 

LOGGED BY 	
S .  Sh rma 

zavc 
LASSIFICATIONN OF MATER 1 ALS zvll~tl S°ame REE oYV ~ R~,D. OEPTH, FEET BLOWS/ FOOT 

SAND; Silty; grey 

4.0 

5  SILT, Clayey; dark green-grey 

10— . - 

1 
16. 

SAND, Silty; grey white, reworked 
TUFA 

20— ~:; 

2 

SILT, Clayey; light grey-green 

3. ++ _ 
BASALT 

— ♦f } 

~ 3 	. ++ 

Bottom of Hole 

FH0028913 
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CONSULTING GEOTECHNICAL ENGINEERS 

GreatFalls Billings Montana — Boise Pocatello Idaho — Gtllette Wyomfng 

LOG OF EXPLORATION BORING 
HoLE No. 	PR-2 

JOB N0.  81-1404 	 SHEET 	OF ~ 

DRILL TYPE: SOIL 	Mobile B-53 
RoCK 

CLIENT 
Beker Industries 

SIZE, TYP£ OF a1T 	3-7/8" Tricone rock bit PROJECT 
Tailin s Pond #4 

CASING: SIZE 	--- 	LENGTH 	--- LCCATION 
N 94+71; W 9+35 TOTAL NO. OF OVERBURDEN 	SAMPLES 	TAKEN 

Disturbed 	--- 	I Undisturbed 	--- ELEVATION: TOP OF HOLE 	GROUNOWATER 
6159.9 	unknown TOTAL 	N0.  

CORE BOXES 
TOTAL CORE RECOVERY__ 
FOR 	BORlNG (°/a) THICKNESS OF OVER- 

BURDEN, FT. 	9.5 

DEPTH DRILLED IN~ 

TO ROCK,FT. 	1. 5 

TOTAL DEPTH OF 

HOLE,Fx 	11.0 REMARKS 

no samPleS 
_ 

STARTED 	9-22-81 	COMPLETED . 9-22-$1 
DRILLED BY 	C. Pelletier 
LGGGED BY 	

S. Sharma 
CLA5S ! F I CAT I ON OF MATER I ALS 

7%veOPF 

ype 

S°am 

CORE 
R~V- R

aD 
DEPTH,FEET 9LOWS/F00T 

1,0 

5 

0' S T  
1 .0 

TOPSOIL: Organic Material 

SILT; Clayey; brown, some thinly 
interbedded sand lenses 

BASALT + 
~ 

Bottom of Hole 

Piezometer Installation : 

Perforations between 3.0 - 11.0 
Sand backfill 	3.0 - 11.0 
Bentonite seal 	1.0 - 	3.0 

F H0028914 
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 CONSULTING 	GEOTECHNICAL 	ENGINEERS 

GreatFa!!s 	Billfngs 	Montana 	— Boese 	Pocate!!o 	Idaho 	— 	Gillette 	Wyoming ~ LOG OF EXPlARATiON BORING 
HOLE 	N0. 	PR-3  

J0B N0. 	81-1404  SHEET 	1 	oF ~  
ORtLL TYPE: SOIL 	Mobile B-53 CLlENT 

ROCK Beker Industries 
SIZE, TYPE OF B[T 	3»7/8" Tricone rockbit PROdECT 

Tai]ings Pond #4 
CASING: SIZE 	--- 	LENGTH 	--- LCCATIOH 

TOTAL N0. OF oVERBURDEN 	SAdAPLES 	TAKEN N 94+80 ; E 6+40 
Disturbed 	--- 	Undis_turbed 	--- EL.EVATION: TOP OF HOLE 	GROUNDWATER 
TOTAL 	N0. 	0 I TOTAL CORE RECOVERY 	.__ 6157.0 	unknown 
CORE BOXES FOR BORING THlCKNESS OF OVER• DEPTH DRELLED (N-  TOTAL OEPTH OF 
REMARKS BURDEN, FT. 	20.5 

I 
 TO ROCK,FT. 	1, 5 HOLE,FT 	33.0 

' - n0 SaRlpleS 	 = _ STARTED 	9-16-81 	ICOMPLETED 	- 	- 
~ DRILLED BY 	C. Pelletier 	- 
_ LOGGED BY 	

S. Sharma 

~ 	 7~q 	~G
_
~O 	CLASS ( F I CAT ( ON OF 1111ATER 1 ALS 

O~' Q 
To e  
samp. 

RE OV E R,Q,p, DEPTH, FEET BLOwS/ FOOT 
ERY 

1.0 TOPSOIL; Organic Material 

., SAND, Si lty; reworked TUFA . 

5 

8.0 
— SILT, Clayey 

0. _ . 

— p4; GRAVEL, Sandy 

5 

0.4---• : 
— ~ BASALT 

•~~ - 	z.b 

	

— 	Bottom of Hole 

Piezameter Instaliation: 

	

— 	Perforations between 9.0 - 19.0 

	

- 	Sand backfill 	7.0 - 19.0 

	

— 	Bentonite seal 	4.0 - 7.0 

FH0028915 
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CONSULTING GEOTECHNICAL ENGINEERS 

GreatFalls BillFngs Montana — Boise Pocatello Idaho -- GiUette Wyoming 

LOG OF EXPLORATION BORING 
HOLE No. 	PR-4  

JaB NO.  81-1404 	 .SHEET  1 	OF ~ 
DRILL TYPE : SatL 	Mobi 1 e 8-53 CLIENT 

ROCK Beker Industries 
SIZE, TYPE OF BIT 	3-7/8" Tricone rockbit PROJECT 

Tailings Pond 	#4 
CASING: SIZE 	--- 	LENGTH 	--- LCCATiON 

N 86+23; W 9+67 TOTAL NO. OF OVERBURDEN 	SAMPLES 	TAKEN 
Disturbed 	--- 	Undlsturbed 	--- ELEVATtON: TOP OF HOLE 	GROUNDWATER 

 6 151.8 	 unknown TOTAL 	N0. _ TOTAL CORE RECOVERY 
CORE BOXES FOR 	BORING THICKNESS OF OVER-  

BURDEN, FT. 	28. 5 
DEPTH DRlLLED IN-  I TOTAL DEPTH OF I TOROCK,FT. 	0.5 	HOLE, FZ 	29.0  REMARKS 

n0 Sd Rlp ~ 25 
STARTED •- - 	- 	COMPLETED 	9-23- 8  
DRlLLED BY 	C. PeiTetier 	- ~ 

LOGGED BY 	S. Sharma  
CLASS I F I CAT ( ON OF- MATER I ALS y~Ca~'~0  Sa~e  RE~ E RQ•DL DEPTH, FEET BLOWS/ FOOT 

U_ 
1.2 — TOPSOIL; Organic Material 

— SILT, Clayey; tan-brown 

5 

0 

5r. 

0  Slightly harder and more plastic 
— beiow 20 feet 

5 

9.0 BASALT 
Bottam of Hoie  

"-  Piezometer Instaliation : 

' Perforations between 18.0 - 24.0 
Sand backfill 	4.0 - 24.0 

— Bentonite seal 	2.0 - 4.0 

FH0028916 
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CdNSIlLT1NG 	GEOTECHN{CAL 	ENGINEERS 

GreatFalls 	Billings 	Montana 	-- 	Boise 	Pocatello 	Idaho 	— 	GiUette 	Wyoming 

LAG 0F EXPL.ORATION BORING ~ 
HOLE No. 	PR-5  

Joe No. 	81-1404 	 SHEEr 	1 	oF 1 

DRiLL rYPE: SOIL 	Mobi l e B-53 CL.IENT 
ROCK 

~ 	SIZE, TYPE OF B!T 	8" hollowstem augers PROJECT 

CASING: S1ZE 	--- 	LENGTH 	--- LCCATION 

TOTAL N0. OF OVERBURDEN 	SAMPLES 	TAKE'N 
Disturbed 	--- 	 Undisfurbed 	--- ELEVATtON: TOP OF HOLE 	GROUNDWQTER 

TOTAL NO. 	TOTAL CORE RECOVERY 
THICKNESS OF OVER-  DEPTH DRILLED tN' TOTAL DEPTH OF ~ 	 CORE BOXES 	FOR 	BORING I% 1 

REMARKS 	Piezometer Instal lation : BtlRDEN, FT. To ROCK,FT. I HOLE,FT 
STARTED 	 ICOMPLETED er orations between 	.0 -  - 37.0 ' 
DRlLLED BY 	 ~ ' 	 fravel backfiil 	25.0 - 37.0 

Bentonite seal 	23.0 - 25.0 LOGGED BY 

CLASSIFICATION OF MATER E ALS Same  RE~ ~ N.O,p DEPTH, FEET BLaws/ FaOT 

TOPSOIL; Organic Material 
~ ., • 

SAND, Silty; brown to 6.0 feet . 
then tan 

10-- 

i 5-- 

! 	_ 

;. 	20— 

; 	— 

25_ 

i 	28.5 -  

no samples 

SILT, Clayey; dark brown to grey 

! 	— 

34.5-  
BASALT 

31. -' 1+ 
~ 	 8ottom of Hole 

FH0028917 
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CONSULTING GEOTECHNICAL ENGINEERS 

GreatFalls Billings Montcna — Boise Pocatello Idako — GiUette Wyoming 

L!OG OF EXPLORATION BORltVG 
HOLE NO. 	PR-6  

JOB NO. 	$1 -1404 	 SHEET 	1 	OF  1 _ 
DRiLL TYPE: SOIL 	Mobile B-53 CLIENT 

RoCK Beker Industries 
SIZE, TYPE OF BIT 	3-7/8" Tricone rockbit PROJECT 

Tailings Pond #4 
CASING: SIZE 	--- 	LENGTH 	--- LCCATION 

N 76+88; W 10+19 TOTAL N0. OF OVERBURDEN 	SAMPLES 	TAKEN 
Oisturbed 	--- 	I Ilrsdis_turbed 	--- ELEVATION: TOP OF HOLE 	GROElNDWATER 

6150•0 	 unknawn TOTAL 	N0. TOTAL CORE RECOVERY 
CORE BOXES 	0  FOR BORING (%) 	n/a THICKNESS OF OVER-  DEP'iH DRILLED IN-  

BURDEN, FT. 	26.8 	TO ROCK,FT. 	2.0 

TOTAL DEPTH OF I HOLE,FT' 	28.8 REMARKS 

STARTED 	- 	
- 	

COItiAPLETED 	- 	- 	' • 

—
no samples ORILLED BY 	C. Pe 	etier 	- 

LOGGED BY 	
S. Sharma 

Z-11'elt-1.1zavc  
LASS 1 F t CAT I ON OF MATER E ALS 

Same  RE~y E RO.Q. DEPTH, FEET 9LOWS/ FOOT 

1,2 — TOPSOIL; Organic Material 
— ' SAND, Silty; wh3te-tan, reworked 
— TUFA 

5 - 

7.0 

SAND, S•i lty; tan-brown, reworked 
0 `  TUFA 

-:~ 

5  

0  

x~ 

3.0 — 
_ SILT, C7ayey; brown 

5 

6.8 •T 
++ — 

8,8 -+-+4 BASALT 

Bottom of hole 

—  Piezometer Installation : 

- Perforations between 20.0 - 28.8 
Sand backfill 	13.0 - 28.8 

— Bentonite seal 	10.0 - 13.0 

FH00289i8 



!`T~stit grn  CONSULTING 	GEOTECHNICAL 	ENGINEERS 

GreatFalls 	Billings 	Montana 	— Bofse 	Pocatello 	Idalw 	— 	Gillette 	Wyoming 

~ LOG OF EXPLORATION BORING 
HOLE 	Na. 	PR-5  mu 	 81-1404  , 	 J08 	N0. SHEET 	1 	OF ~ 

DRILL TYPE: SOIL 	Mobi 1 e B -53 CLIENT 
ROCK Beker Industries 

SIZE, TYPE oF BIT 	8" hOIIOWStem augers PROJECT 
Tailin s Pond #4 

CASING: SiZE 	--- 	LENGTH 	--- LCCATION 
TOTAL N0. OF OV ERBURDEN 	SAMPLES 	TAKEN N 86+25 ; E 6+48 

Qisrurbed 	--- 	Undisfurbed 	--- ELEVATION: TOP OF HOLE 	GROUNDWATER 
CORE RECOVERY 	___ 6157.8 	 6146.3 TOTAL 	NO. 	

- CORE, BOXES 
I TOTAL 

FOR BORING (%) THICKNESS OF OVER-  DEPTH DRILLED IN' I TOTAL DEPTH OF 
REMARKS 	Piezorrteter Installation : BURQEN, FT. 34.5 I TOROCK,FT 	2.5 JHOLE.FT 	37,0 

er Oration5 	etween _2'1.0 - 37.0 STARTEp 	- 	 COMPLETED 	8-24-81 
~ 	 iGravel backfill 	. 25.0 	37.0 DRiLLED BY 	C. Pelietier 
; 	 Bentanite seal 	23.0 - 25.0 LoGGED BY 	

S. Sharma 

VCLASSIFICATION OF N14TER 1 ALS 
Same  R~Ry E ~ DEPTli, FEET BLOWS/ FOOT 

TOPSOIL; Organic Material 

; SAND, Silty; brown to 6.0 feet z 
then tan 

10-- 

• 	— l~: 
15--- ~ 

~. 

: 	-- 

 

Z. 

28.5 - 

30 — 	
SILT, Clayey; dark br.own to grey 

34.5 -  
"—_ }f ~ BASALT 

37. 	
+i 

Bottom of Hole 

no samples 

FH0028919 
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Northern 
Engineering 
and Testing, Inc. 

600 South 25th St. 
Booc 30615 
Bil[ings, Montana 59107 
(406) 248-9161 

August 23, 1984 

Beker Industries 
P 0 Box 37 
Conda, ID 83230 

SUBJECT: Laboratory Testing Services 
Beker Pond No. 4. 
Northern Job No. 81-1404 

Gentlemen: 

In accordance with our agreement, we have completed a series of geotechni- 
cal laboratory tests with samples from your Pond No. 4. 

A table showing the requested tests is enclosed and all the test results 
are presented on the enclosed plates. 

The laboratory tests were performed in generai accordance with the methods 
listed below: 

Standard Tests : 

~ 
~ 
, 

Test Name 

Moisture-Density Reiationship 
Atterberg Limits 
Sieve Analysis through 
No. 200 Sieve 

Direct Shear 
Unconsolidated-Undrained 
Triaxial Shear 

One-dimensional Consolidation 

Method  

ASTM D698 
ASTM 0423 and D424 

ASTM D422 
ASTM D3080 

ASTM D2850 
ASTM D2435 

Consolidated-Undrained Triaxial Tests: 

The consolidated-undrained triaxial tests were run on samples in 
accordance with procedures set forth in Bishop and Henkel /1/. The 
samples were saturated by use of high back pressure until a 95 
percent or better pore pressure response was obtained. Then a confin- 
ing pressure was applied and flow out of the sample was monitored. 

/1/ Bishop and Henkel, "The Measurement of Soil Properties in the Triaxial 
Tests," Edward Arnold, Ltd., London, England, 1964. 

FH0028938 
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When flow out of the sample was complete, the test was run. Fiiter 
strips were normally placed around the outside of the sample during 
the consolidation phase and when the test was run to facilitate pore 
pressure equalization. 

Permeability Tests: 

The permeability tests were performed on samples in accordance 
with procedures set forth in the U.S. Army Engineering Manual EM 
1110-2-1906 121. Samples are prepared and backpressure saturated 
similar to the triaxial specimens, except filter strips, are not 
applied. Using an air over water interface in a pressure reservoir, a 
gradient is applied across the specimen and flow into and out of the 
specimen is monitored until a constant rate of flow is observed. Then 

( 	 the volume of water flowing through the specimen is measured over a* 
period of time and a permeability value calculated. The results of 

~ 	 • 
these tests are presented on the moisture-density relationship plates. 

~ 

' 	 Sample Preparation: 

' 	 Many of the direct shear, triaxial and permeability tests were 
` performed using remolded specimens. These specimens were prepared by 

moisture conditioning each soil to its optimum moisture content 
determined from the moisture-density relationship test. Then a cylin- 
drical sample was compacted in thin lifts to 95% of the maximum dry 
density also determined from the moisture-density relationship test. 

i 

	

	 These were carefully wrapped and sealed to retain the moisture 
content until needed for testing. 

~ 	 Should you have any guestions or if we can be of further service, please 
contact us. 

Respectfully submitted, 

1  

~`- 	1 ~ 

Larry G.%0'De11, P.E. 

LGO(JP)rmr 

cc: Pinnacle Engineering 
Hamilton, MT 

/2/ Engineer Manual EM 1110-2-1906, "Laboratory Soi1s Testing," Department 
of the Army, Office of The Chief Engineers, Washington, D.C., 1970. 
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NORTHERN ENGINEERING ANO TESTING,•INC. 

TABLE OF REQUESTED TESTS 
Beker Pond No. 4 

ncon- onso - Conso i- 
Moisture- Atter- solidated idated dation 	• 

Sample Density Sieve berg Undrained Undrained Direct Perm- with time 
I denti f i cati on Lab No. Relationship Analysis Limits Triaxial Triaxial Shear eability rate Readings  

TPP3A; 	4.3' 	- 5.3' 140659 X X x X 

TPS4A; 9.0' 	- 10.0' 140660 X X X X 

TPPR3A; 3.0' 	- 3.3' 140661 X X X X 

TPP2A; 	2.0' 	- 3.3' 140662 X X X X X 

TPP10A; 	3.3' 	- 3.8' 140663 X X X X 

TPS9A; 	5.5' 	- 6.0' 	- 140664 X x X ?( X 

TPS11A 140665 X X X X 

TPP4A; 	1.9' 	- 2.9' 140666 X X X X X 

TPPR24 7.0' 	- 8.0' 140667 X X x X 

TPP6A; 3.6' 	- 3.8' 	and 140668 X X X X 
5.3' 	- 6.3' ►  
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CONSOLtOAfED UNDRAIIIED TRIAXIAL Si'.EaR TEST - REM9LOED 
Sx°7l£ 110. 140659 

■■■~~`■~~■■ ■■~ ■.■ ■ ■r.■■ ■■ ~1~■~ ■Amm, 
1 	12 	14 	16 	18 	20 

EFFECTIVE NORMAL STRESSES r . ~~ (KSF) 	• 

TEST OpAiNG 
SAMPLE OATA MAXIMUM MAxu.~ UM MOMA ~ULO V B 

iA14+RH 
NO. NO DEVUTOA PRINCIPAL NEICHT 

~ 

AATE 
OP 

DAY 
MO ~STUIIE 
CpNTENT P08B CONfiNINp MINOR 

fMIhClPA4 
NAJOA 

A,NCfPA OA ANO STRESS 
Q1• ~ 

bTAESO 
nAT10 

Du7.tETEA BTAAlN 

SYMBCL ClPTN ~:tn fP~~f) PAE7SURE 
RESPON3E 

PAESSURE 
P7 ~ P10ay STQAESSS STRlSS AATIO INCN[S! 

MINUtE 
Y►wf hn~f 1an fPSreem i  . KsF «8i Kfifi 

TPP3A 
;4.3-5.3 C 86 24 35 97 2.9 13.35 4.52 3.89 17.24 2.24 0.009 

L\ 	IYPP]A I  4 .3-6.3 86 24 34 98 S.m 17 . As a o 	7 
~ 	TPP3a 

f4 - 4 34 99 8.6 21.70 4.67 6.2 27.97 2.24 0.009 

TR{AXIAL SNEAR TEST RESULTS 

Northem 	BEKER POND N9. 4 

JOB 110. 	r 	DATE 	 PLATE 110. 
Au usc 1984 

NET 13; 



~ ~' ~ 	 A~IOlSTURE - OENSiTY RELATiONS}11P QATA 

,,..~: Northem client  Belcer Industri es 	 Sample Na  140660  
Loaatl0n Sampjed  TPS4A 9. 0- 10. 0 	 Jot, Na  81-1404  

~ Englneering 
and Testing, Ina. 	Sampied ey 	 Date 	 Dat 	gust 1984„  

U8. Sf+eedsrd fiwe openinq 1ri fnahes 	 46 Slweard Sias teumpors 	 Hydronteler i1lme) 

3- 	2' 1N' 1' W tYt' 18' 	4 	810 	18 29 30 40 SO 	80 100 	200 	 8 rrtin. 	 80 ritin. 
100 	f 	UnIt7t T-1=1 L— 1 	11 , 11 	1 1 ph I I i If 	I 	It I 	bilii r--1 I 	. i. 	 0 
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GRAINSIZE IN MILLIMETERS 

Gravefe 	 Sand 	 Fines 

cowse 	I 	Firte 	Canse 	Mediwn 	 Fine 	 Sats 	 c18y 

MOISTURE-DENSITY RELATIONSHIP 
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TEST METHODS 

ASTM 0698  
Method A  

11,03-33—cu. ft. mold 

	

5 _5 	Ib. hammer 

	

12 	in. drop 
3_layers 

	

25 	biowsllayer 

SOIL CONSTANTS 

Ctassification  GRAVEL, Silty (GM) 
Liquid Limit  22  
Plasticity fndex  I 1  
Max. Density 11 4•8 	pcf 
Optimum Moisture  14.2  	% 

115 
r w 

3 u 

N .a 

~ 110 
~ 
Z 
W 
0 

~ 
a 

105 

ZER
–r--~T  

VOIDS 
CURVE 
ASSUMING 
GS  = 2.70 

SOIL USE 
BEKER POND ND. 4 

ProjeCt 

~>•~~1~~~~~ii■~ ii~ iii■~ it•ii■ ii~itli♦~~~ 

WATER  CONTENT Percent of Dry Weight 

FH0028943 



-n _ 0 
N ~ 
t0 
A 
~P 

 ■■■■■.■■■■■■■■.■■■■■ r 	1 	r ' 	.1 	r 	r 

■■■■ ■■■■■■■■■■ ~■.■~ r 	1.. r 

■■■■:■■■■■■ ~■■■■■ / . 	■■ ~■~r .,..~~_------~- 
■ ■ ■■■■■■■■■■■■■■■■■■■■■■■■■■ ■■ ~r■ i■■.■■1■■■■■■■ 

r,n/ ■■■■■■■■/■■■■■■ ■ ■ ■■~■■■■■■■■■■■■■■■■■■■■■■■ ►O■■ 
rERi 

■■■■■■■■■■■■■u■ ■.■~■■~■~■■ ■■■ ■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
~■~''::::::::::::: :::■ - ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

■■~■■■■■■■■■■■■■■■■■■■■■■■■■■■  1"S~r■~■■.■t..■r■iY~r~ • r .~...■■■..■■.■■■.■.. _ 	. ... ............... ■■■■■■■■~■■■■■■■■■■■■■■■■■■■■■ 
 ••••• ............... ■■■■■■■■ ■■■■■■■■■■■■■■■■■■■■■ 

. 	• 	: 	t 	 . • 	: 	r  ■■■~■■■■■■■■■■■■■■■■■■■~■■■■ ......:...:......... .................... ■■■■■■■■~.~■■r.~■~■■■■■■■■■■■■ 
........,~.■......... ■■■■■■■►~' ~■■■ I■■■■►■■■■■■■■■■■■■ 

. 	■I~>.~iiu:^.~~~`l)•jltu_~~~~~ 
. 	■.✓~■■■■■.■■■~■~ iEE~rr~.' ■■~■■~■~_■■■■■■■■ ~■■■■■■■■■■■■ ■r~~~S~A ■~ 
~ 	■r..■■■■■.■~.~..__~.~■. ■■■~■■■. ■■~.~~■,■■■■■■■■,■■■■■■■■■■■ 

■:a■■■■■■■■■.■■■■■■■Y 
~::::: ::::::::::::. 

■■■~a~ir ' 
■■r.r~■ ~n 

~■■■■\■■■■■■■ \1■■■■■■■■■■■ 
,~:~............o...... 
~~■,....■.........■.... ■■r~■~■■~■■■ ~■■■■■■■■ ~~■■■■■■■■■■■ 

■■■■~■■■■■■~~■■■■■■■■■■ 
:a ................... r r , , 

.1■■■■■■■■■■i■/■//■. ,-. 

■■■■■■■■■■■■■■■■■■■■ 
r : 	r 

t  ■■■_~:~r■■■■~c•_u■■_■■_/■ 
■■ra~■ ■■■■~■■.i~IlrSS~~~ 
■■~ww■■~■■u■■■~■■ , ■■~r.■■>r-.~~■■■■■■.■■ ■/l~■1■■■■■.■r`ia~~~~~~ 
■'ii■■■/■■■■■■■■■■■■■■ . ~■■■■.■■■■■■■■■■■■■ tl■■■.■■■■■■■■■■■■■■■ 

_,n■■■u■■■■■■■■■■■■■■ 
~u■.■■■■■■■■■s■■■■■ ;i■■■_■■■■■■■■■■■■■■■■ 
r 
~.~~■)~~~~~r\a~~ r...~~ -- r.~/■■■■■■■u■■■■■■~■ 

~wrr~r:9l~9!1■■w ~ 	r  . 	- . 	. 	r 	r 	r 

.■■■■■■■■■■■■.■.■■o 
 r 

~ 
~ f 
R 

~ 
4 

f 

TEST 

■■■~~~■■■■■■■■■■ h0. 
OR 

SYNSOL 

tlOplNG 

hA 
ah0 
OEP7M 

• 	SANPLEOATA 
Nwi1NUN 	NAlU1AU7,1 
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YA~UE $AT 
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l
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O DSSA 
.0-10.0 109.1 14.2 97 
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2.9 	4. 5 	3.33 2.16 7.11 2.24 0.009 

0 P54R 
3.91 3.07 11.17 2.24 0.00 9 
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~ 	 MOiSTURE - DENSn'Y RELATIONSHIP DATA 

	

~' Northem ~~t 
 Beker I ndustri es 	 ~,~ Na  140661  

.• 	 t.o~t ia►  Samp~a  TP PR3A 3. 0- 3.  3 	 J,b  ~ 	81-1404  
••~—~ Engineering 	

Auqust 1984  ond Testing, lnc. 	Sampled By 	 Date 	 Date 
W7. SqnOrd &*m Op"np tn tnrli" 	 US sianduA Siore Numbn 	 HyGromster (time) 

3' r tv 1• %' 1h' 3f8' 	4 	Bte 	t8 20 30 40 30 	8o t0o 	20D 	 9 mtn 	 60 min. 
too  LLIF 1 E~ M= —In  I I 1 61 	 Li 	_= 	 o 
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Do 

GRAIN SIZE IN MI{,UWtEfERS 

aravels  	SanO 	 _ 	 Fines  

GoarssI 	Fkne 	 Cwse 	I.tedium 	 Fine 	 Silts 	 Clay 

MOISTURE-DENSITY RELATIONSHIP 
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N .a 

~ 85 
~ 
Z 
laJ 
0 

~ 
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3 r: 

ZER
-------.--- 

VOIDS 
CURVE 
ASSUMING 
G_ = 2.70 

TEST METHOOS 

ASTM 0698  
Methnd A  

4 -0333_cu. ft. mofd 
5..5.._Ib. hammer 
~_in. drop 
_ _3_ 	 layers 

25 _blowsllayer 

SOIL CONSTANTS 

Classification  SAND, Silt L (SM)  
Liquid Limit 	Granular  
Plasticity Index  Nan-alastic_  
Max. Density 	85.0 	pcf 
Optimum Moisture 2 4-5 	% 

. 	SOIL USE 
BEKER POND N0. 4  

Prolect 

26 27 28 29 30 31 32 33 

WATER CONTENT Percent of Dry Weight 

_ n 
W 
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} 
m 
x 
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C1 m 
W 
n 

NeT iis 

FH0028945 



12 

10 

REMOLDED 
DIRECT SHEAR TEST 

t40IST UNIT WEIGHT: 104 .6 pcf 
DRY UNIT WEIGHT 	: 80 .7 pcf 
MOISTURE CONTENT : 29.5 % 
CLASSIFiCATION 	: SANS, Silty (SM) 
FRICTION ANGLE 	: 32 
COHESION lNTERCEPT: 	0 .6 ksf 
SHEAR RATE 	. 	0.0092 inch/minute 

, 

, 

ORILL HOLE: TPPR3A 
DEPTH: 	3.0 - 3.3 
SAMPLE NO.: I40661 

~ 
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0 	2 	4 	6 	8 	10 	12 

NORMAL STRESS, KIPS PER SQUARE FOOT 

~ SATURATED 
O FIELO HOISTURE CONTENT 

BEKER POND N0. 4 	

0-  

fVorrthern 
 Engineering 	 ' 
 and Tesling, Inc. 

 

BEKER INDUSTRIES 
30B N0. 81-1404 	PLATE N0. 

FH0028946 



MOtSTURE - DENSnY RELATIONSHEP DATA 

	

Z Northern cl~nt geker Industries 	 sa~ ,e  Na 140662  
rr~ 	 Locationsa<npled  TPP2A 2.0 - 3. 3 	 JobNo 81-1404  
~ EngEneering 	 — 

and Testing. IRc. 	Samplod ey 	 Date 	 oate  August 1984  
US. Stmara siw opeetnt7  6i meM. 	 IlS Sranne Stm e+mw's 	 NTh=neta (ttnta) 
1- 	r tYe-  rPA-  Ya-  979• 	4 	a to 	ta zo 30 eo so 	so 10o 	aoo 	s mUa 	 so nun. 

IODUTIlill—till-- - 'ITLZ~T~rI ~—L—C~ _T[-LT-7__ iT—r--iMiTT-r--I —_r--IT—  —MTf'•'TI Q 
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_ 	 GRAINSIZE1l4MILUMEfEflS 	 ' 
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~ 	Couse 	 Ftne 	r Coarse 	Modiom 	 Fine 	 Sills  

MOISTURE-DENSITY RELATIONSHIP 
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~ 75 
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rr 

TEST METHODS 

ASTiK 0698  
Method A 

0.0333  cu. ft. mold 
5.5  Ib. hammer 
12_in. drop 

	

3 	fayers 

SOIL CONSTANTS 

Classification  SAND, Silty (SM) 
Liquid Limit 	Granular  
Plasticity index 1Yon-plastic  
Max. Density 	78 	pcf 
Optimum Moisture  34.4 	% 

SOIL USE 

BEKER POND N0. 4 
Proiect 

 

31 32 33 34 35 36 37 38 39 40 41 

WATER CONTENT Percent of Dry Weight 
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L:C.'.':p UIiCR.iltiED )RE.1i(iAL SHEAR TEST - REHOLDED 
SAv?;£ 'i;. 140662 

~ 	1 	2 	3 	4 	5 	6 	7 	8 	_9 	10 	11 	12 	13 	14 	15 
EffECT(YE NORlAL STRESS ~I ,~j (KSF) 

TEST OOR,NG 
!►Ma~E OAT • MA1~MU7u 4AXIMLM 

vAluEB AT 
MO~+ACOUlOMB 

FAILVAB 
~ ~ OMATOR PA,M:IPAL T1(IONT 

~ 

RATQ 
OP 

OR Ati0 ORY M011TURE 
CONTENT CaNF ~N~ Nq lTRtS! bTRESS MINDA 

PR'NCIAAL 
Ml1,IOR 

PRINCIPA OIAMETEA STRAIN 
3YMOOi. OCPTh OENEiTY IW.c~n7 I PAE571URE Ql• CS RATlO STR SS 

 
STREa'S 

~~O INCNE91 

IP~ II Q'7 rt9f ~ 1l4rj P 3  ►UN41Tt 
In  RSF RS! R 

Q TPP2A 

LREBO.SE6 

2.0-3.3 74 34 44 2.9 7.04 4.63 2.30  9.34 2.24  0.009 
Q TPP2.1 

1 2.24 0.009 
(] TPP2A 

34 42 99 8.6 10.04 4.52 3.31 13.35 2.24 0.009 

TRIAXIAL SHEAR TEST RESULTf 

Northem 	BEKER POND N0. 4 

J08 140. 	 OATE 	 PLATE N0. 
81•1304 
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DRILL HOLE : TPS9A 
DEPTN: 	5.5 - 6.0 
SAlIPLE NO .: 140664 

12 

REMOLDED 
DiRECT SHEAR TEST 

MOIST UNIT WEtGHT: 100 .6 pcf 
DRY UNIT WEIGHT 	. 	76 .8 pcf 
MOISTURE CONTENT : 	31.7 % 
CLASSlFlCATION 	. SANg, Siity (SM) 
FRICTION ANGLE 	. 	33 	 ; 
COFfEStON lNTERCEPT: 	0 .4 ksf 
SHEAR RATE 	. 	0.0092 inch/minute 

N 
. 	 1 

S 
S —+ 

. 	 t 
N 

2 	 4 	 6 	 8 	 10 	12 

NORMAL STRESS, KIPS PER SQUARE FOOT 
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UNCONSOLIDATED - UNDRAINED 
TRIAXIAL SHEAR TEST 

DRILL HOLE 	TPS1 iA 	 MOIST UNIT WEIGHT 122 pcf 
DEPTH 	6.5 - 7.5 	 DRY UNlT WEIGHT: 	97 pc f 
SAMPLE NO. 	140665 	 MOISTURE CONTENT: 26 % 
CONFINING STRESS: 3.0 kSf CLASSIFICAT(ON : CLAY, Si lty - CL-ML 
PORE PRESSURE RESPONSE: -- 	 HEiGHT TO DtAMETER RATIO: L.O8 

RATE OF STRAIN: 0.03 i nch/mi nute 
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CO:ISOLi0ATE0•U:IORAI!IED TR3AXtAL SHEAR TEST - UNOISTURBED 
SMPiE 30. 140565 
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DRILL HOLE TPP4A 
DEPTH 	1.9 - 2.9 
SAMPLE NO. 140666 
CONFENING STRESS : 3 KSF 
PORE PRESSURE RESPONSE: 

4.2 

UNCONSOLIDATED - UNDRAINED 
TRIAXIAL SHEAR TEST 

MOIST UNIT WEIGHT: 100 pCf 
DRY UNlT WEIGHT 	82 pC f 
MOISTURE CONTENT: 21 % 
CLASSIFICATION: CLAY, Si lty, CL 
HEIGHTTO DIAMETER RATIO: 2,06 

RATE OF STRAIN: 0,030 i nch/mi nute 
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CoNSOLIDATlON TEST 
' 

DRILL HOLE TPP4A 	 MOIST UNIT WEIGHT 	: 	111 pcf 
DEPTH 1.9 - 2.9 	 DRY UNIT WEIGHT 	: 	91 pcf 
SAMPLE N0. 140666 	 INtTIAL MOiSTURE CONTENT: 	22 X 

FINAL MOISTURE CONTENT 	: 	29 % 
CLASSIFICATION : 	CLAY, Sllty, CL 
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NORMAL PRESSURE, KIPS PER SQUARE FOOT 
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 UNCONSOLIDATED - UNDRAINED 
TRIAXIAL SHEAR TEST 

DR1LL HOLE TPPR2 	 MO1ST UNIT WEIGHT: 11Q pCf 
DEPTH 	7.0 - 8.0 	 DRY UNIT WEtGHI: 	84 pcf 
SAMPLE NR 140667 	 MOISTURE CONTENT 30 % 
CONFINING STRESS: 3 KSF 	 CLASSIFICATION: CLAY, St lty (CL) 
PORE PRESSURE RESPONSE: -- 	 HEIGHT TO DIAMETER RATIO: 2.06 

RATE OF STRAlN: 0.030 i nch/mi nute 
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UNCONSOl.IDATED - UNDRAINED 
TRIAXlAL SHEAR TEST 

DRILL HOLE 	TPP6A 	 MOIST UNIT WEIGH7: 106 pcf 
DEPTH 	3.6 - 3.8 	 DRY UNIT WEIGHI'. 	85 pcf 
SAMPLE NQ 140668 	 MOISTURE CONTENT: 25 % 
CONFINING STRESS: 3 ksf 	 CLASSIFICATION: CLAY, Si1ty (CL) 
PORE PRESSURE RESPONSE: __ 	 HEIGHT TO DIAMETER RATIO: 2.06 

RATE OF STRAIN: 0.03 i nch/mi nute 
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